Purpose To assess the equivalence of self-reports of physical functioning between pediatric respondents to the English-and Spanish-language patient-reported outcomes measurement information system (PROMIS Ò ) physical functioning item banks. Methods The PROMIS pediatric physical functioning item banks include 29 upper extremity items and 23 mobility items. A sample of 5091 children and adolescents (mean age = 12 years, range 8-17; 49% male) completed the English-language version of the items. A sample of 605 children and adolescents (mean age = 12 years, range 8-17; 55% male; 96% Hispanic) completed the Spanishlanguage version of the items. Results We found language (English versus Spanish) differential item functioning (DIF) for 4 upper extremity items and 7 mobility items. Product-moment correlations between estimated upper extremity and mobility scores using the English versus the equated Spanish item parameters for Spanish-language respondents were 0.98 and 0.99, respectively. After excluding cases with significant person misfit, we found DIF for the same 4 upper extremity items that had DIF in the full sample and for 12 mobility items (including the same 7 mobility items that had DIF in the full sample). The identification of DIF items between English-and Spanish-language respondents was affected slightly by excluding respondents displaying person misfit.
Introduction
The patient-reported outcomes measurement information system (PROMIS Ò ) is a National Institutes of Health initiative to develop state-of-the-science measures that assess functioning and well-being in the physical, mental, and social domains of health. PROMIS goals include using these measures as indicators of health care outcomes that may guide reduction of health care disparities and improvement of population health in the US [1] . The PROMIS project has developed a collection of item banks for adults, adolescents, and children. The PROMIS measures are intended to be used to monitor health of populations and as outcome measures in intervention studies. The focus of this paper is the PROMIS physical functioning item banks for adolescents and children.
Physical functioning includes behavioral factors such as the capacity to engage in activities of daily living (performance) as well as musculoskeletal factors such as dexterity and strength. While physical functioning is inversely associated with age, there are congenital and acquired childhood conditions (e.g., cerebral palsy, spina bifida, seizure disorders, asthma) that may severely affect physical functioning. Given that chronic diseases such as obesity, sleep apnea, and diabetes may also negatively affect physical functioning, the PROMIS pediatric physical functioning item banks are of great public health importance since these conditions were once mostly diagnosed in adults and are now being increasing diagnosed in children and adolescents.
The PROMIS pediatric physical functioning item banks consist of 29 upper extremity items and 23 mobility items. The development and evaluation of the English-language version of the pediatric physical functioning item banks was previously reported [2] . Responses to the Spanishlanguage version of the pediatric physical functioning item banks have not yet been evaluated for equivalence to those of the English-language version. It is important to assess whether responses to items in both language versions are equivalent or if differential item functioning (DIF) exists. DIF is present if the probability of selecting a particular response varies by group when controlling for the underlying level of the concept being measured [3] . For example, at the same level of underlying depression, women are more likely to report crying than men.
It is also important to evaluate the degree to which different people respond to items in a way that is consistent with the underlying model used to score the PROMIS pediatric physical functioning item banks (i.e., person fit). An example of a lack of person fit (misfit) in the adult PROMIS physical functioning item bank is someone reporting being able to run 5 miles without any difficulty and also reporting a little difficulty being out of bed most of the day [4] . Person misfit may be suggestive of response carelessness or cognitive errors due to survey items being difficult to comprehend [5, 6] . By evaluating the extent to which an individual's pattern of item responses is consistent with the scoring model, person fit is essentially a micro-level evaluation of DIF.
We evaluate person fit on the PROMIS Ò English-and Spanish-language versions of the pediatric (children and adolescents) physical functioning upper extremity and mobility item banks. We compare estimates of DIF before and after excluding respondents with significant person misfit. The public health significance of this project is underscored by its focus on Latinos, the fastest growing and youngest minority subgroup in the US. More than 20% of those 5-17 years of age in the US speak a language other than English at home and 62% of these are Spanish speakers [7] . Ensuring equivalence between English and Spanish versions of the PROMIS item banks is crucial for guiding improvement of health care for Latinos and for informing public health stakeholders and policy makers interested in mitigating health care disparities.
Methods

Sample
English
The English-language sample was 5091 children and adolescents 8-17 years old recruited from medical clinics in North Carolina and Texas, and from North Carolina community schools. The survey was administered on laptop computers and participants received a $10 gift card for their time and effort. The sample had a mean age of 12 and 49% were male. Forty percent of the overall sample was drawn from the schools and the other 60% was from the medical clinics targeting obesity, cancer, kidney disease, rehabilitation, rheumatic disease, asthma, and sickle cell disease. Item calibrations were reported previously [2] .
Spanish
Spanish-speaking Hispanic adults who were members of the Greenfield/Toluna online panel [8] and had a child 8-17 years old were asked to complete sociodemographic questions about their child by computer and when a transition screen appeared, they were asked to give the computer to their child so the child could answer the physical functioning questions. A sample of 605 children and adolescents (mean age = 12 years, range 8-17; 55% male; 96% Hispanic based on parental report; see Table 1 ) was included. The Spanish-language sample of children had an average score on the short acculturation scale for Hispanic youth [9] of 2.6 (SD = 1.2), indicating low levels of acculturation. The study participants received nominal incentives from the online panel company to complete the survey (value did not exceed $10).
Spanish translation
All items were translated using the FACIT translation methodology [10] that is consistent with the International Society for Pharmacoeconomic and Outcomes Research guidelines [11] . A universal Spanish translation was created using an iterative process of two simultaneous forward translations, reconciled single translation, back-translation by a native English-speaking translator fluent in Spanish, back-translation review, review by three experts who are native Spanish speakers, pre-finalization review, revision by a native Spanish-speaker, cognitive debriefing with 5 native Spanish-speaking children and adolescents, and finalization. Applying a universal approach to translations results in one version of the same language and requires that translators from different regions or dialects contribute to the process. The process aims to avoid colloquial expressions and enable comparisons across subgroups of Spanish-speaking populations.
Analysis plan
A psychometric evaluation of the PROMIS pediatric physical functioning items in the English-language sample was reported previously [2] . We assessed unidimensionality (the items represent a single construct) of the items in the Spanish-language sample by fitting a one-factor categorical confirmatory factor analysis model in Mplus Version 6 [12] . We evaluated model fit using the comparative fit index (CFI) and the root mean square error of approximation (RMSEA); CFI C 0.95 and RMSEA \ 0.06 are considered acceptable [13] . Local independence was evaluated by inspection of residual correlations among items in the one-factor model with correlations of 0.20 suggestive of a violation of the assumption of local independence (items being unrelated after conditioning on the single factor).
We assessed language DIF using ordinal logistic regression with item response theory (IRT) trait scores estimated from DIF-free ''anchor'' items (iterative purification) as the conditioning variable using lordif version 0.3-3 software [14] . A pseudo R-squared difference of \0.02 between nested models was used to identify English parameters from DeWitt et al. [2] are shown followed by parameters for Spanish sample after transformation to English-language metric 1st Threshold Theta needed for 50% chance of responding with a lot of trouble, with some trouble, with a little trouble, or with no trouble; 2nd Threshold Theta needed for 50% chance of responding with some trouble, with a little trouble, or with no trouble; 3rd Threshold Theta needed for 50% chance of responding with a little trouble, or with no trouble; 4th Threshold Theta needed for 50% chance of responding with no trouble potential anchor items. For items with DIF, we evaluated whether they had uniform DIF, in which DIF is in the same direction across the entire continuum or non-uniform DIF where the probability of endorsing an item response is higher for one group at lower levels of the concept but higher for the other group at higher levels of the concept. We put the Spanish-language item parameters (slopes and thresholds) on the same metric as the English-language parameters using Stocking and Lord [15] linking constants. First, IRT scores were estimated using a graded response model. Then, these scores were used as a conditioning variable in an ordinal logistic analysis. We estimated three models for upper extremity (used as example below) and mobility:
Ordinal LR p item response is correct Once DIF items were identified, we evaluated the magnitude of DIF using test characteristic curves separately for all items in a scale and for the items identified as having DIF. We assessed DIF at the individual level by plotting trait-level estimates ignoring DIF versus trait-level estimates accounting for DIF. DIF is considered noteworthy if it equals or exceeds a small effect size (i.e., 0.20 SD).
We estimated person fit using the standardized Z(L) fit index. Large negative Z(L) values indicate misfit [16] . Large positive Z(L) values indicate response patterns that are higher in likelihood than the model predicts. To produce a potentially more powerful test of DIF, we again We estimated readability of items using the FleschKincaid readability formula [17] to see if items with DIF require higher education to understand than other items. Most formulae used to evaluate the readability of written text are based on the number of syllables per word and the number of words per sentence. The Flesch-Kincaid readability index yields an estimate of the grade level needed to read and comprehend the material. Readability estimation for survey items is challenging because the items do not necessarily conform to the grammatical structure of complete sentences or questions. Furthermore, response options influence readability but are not sentences and were excluded from readability estimates in this study. Higher scores represent better physical functioning.
Results
The mean PROMIS upper extremity (mobility) scores using the existing (English-language) parameters was 50 (50) for the English-language sample and 44 (48) for the Spanish-language sample.
Upper extremity
The one-factor categorical confirmatory factor analysis of the 29 upper extremity items fit the data well in the Spanish-language sample (CFI = 0.998; RMSEA = 0.036). Standardized factor loadings ranged from 0.824 (''I used a pencil with a special grip to write'') to 0.962 (''I could dial a phone'') and were all statistically significant at p \ 0.001 ( Table 2 ). The largest residual correlation (r = 0.038) was between ''I could pour a drink from a full pitcher'' and ''I could dry my back with a towel.' ' We found 4 upper extremity items with DIF between the Spanish and English responses: (1) F1_UE3: ''I could hold an empty cup''; (2) F3_UE9: ''I could pull open heavy doors''; (3) F4_UE1: ''I could open a jar by myself''; and (4) F4_UE10: ''I could pour a drink from a full pitcher.'' All of the 4 items displayed uniform DIF. The mean Flesch-Kincaid [17] estimated grade level to read these 4 item stems is 1.6 (versus 1.4 for all 29 upper extremity items). The item parameters estimates for the English-and Spanish-language respondents for the 4 upper extremity items with DIF are shown in Table 3 .
The impact on the total score for the DIF items is noticeable because the curves in the right side of Fig. 1 are not superimposed on one another but the curves on the left side indicate that DIF impact was minimal when all items were included. As seen in the scatterplot of upper extremity scores estimated using English-language parameters (xaxis) by the difference between this estimate and the score estimated taking into account DIF (y-axis), the largest DIF impact at the individual level for upper extremity was about 0.30 of a standard deviation (Fig. 2) . Stocking-Lord linking constants were used to transform linearly the Spanish item parameter estimates to the English metric (Spanish slopes = Spanish calibrated slope/1.377145; Spanish thresholds = (Spanish calibrated threshold * 1.37714) -2.372854). The product-moment correlation between trait-level estimates using the English versus the equated Spanish parameters for the Spanish sample was very high (Fig. 3) at r = 0.98 (intraclass correlation = 0.96).
We identified 53 English-and 38 Spanish-language cases with significant misfit (p \ 0.05) for the 29 upper extremity items. After excluding these cases, we found DIF for the same 4 items as in the full scale.
Mobility
A one-factor categorical confirmatory factor analysis of the 23 mobility items in the Spanish-language sample fit the data well (CFI = 0.996; RMSEA = 0.054). Standardized factor loadings ranged from 0.815 (''I could run a mile'') to 0.967 (''I could walk across the room'') and were all statistically significant at p = 0.000 (Table 4 ). The largest residual correlation was 0.042 between ''I have been physically able to do the activities I enjoy most'' and ''I could do sports and exercise that other kids my age could do.'' English parameters from DeWitt et al. [2] are shown followed by parameters for Spanish sample after transformation to English-language metric F3_MOB5 uses a different response scale: almost always, often, sometimes, almost never, and never For all items except F3_MOB5: 1st Threshold Theta needed for 50% chance of responding with a lot of trouble, with some trouble, with a little trouble, or with no trouble; 2nd Threshold Theta needed for 50% chance of responding with some trouble, with a little trouble, or with no trouble; 3rd Threshold Theta needed for 50% chance of responding with a little trouble, or with no trouble; 4th Threshold Theta needed for 50% chance of responding with no trouble We found that 7 of the 23 mobility items had language DIF: (1) F1_MOB2: ''I could ride a bike''; (2) F1_MOB3 ''I could do sports and exercise that other kids my age could do''; (3) F2_MOB1: ''I could run a mile''; (4) F2_MOB4: ''I could walk upstairs without holding on to anything''; (5) F3_MOB5: ''I used a walker, cane or crutches to get around''; (6) F3_MOB10: ''I could turn my head all the way to the side''; and (7) F4_MOB4: ''I could keep up when I played with other kids.'' Two of these items displayed non-uniform DIF (F3_MOB5 and F3_MOB10). The mean Flesch-Kincaid estimated grade level to read these 7 item stems is 2.0 (same as 2.0 for all 23 mobility items). The item parameters estimates for the English-and Spanish-language respondents for the 7 mobility items with DIF are shown in Table 5 .
The impact for the DIF items was noticeable (right-hand side of Fig. 4) ; some small impact is seen at trait levels slightly below the average when all items are included (left-hand side of Fig. 4) . The scatterplot of mobility scores estimated using English-language parameters (x-axis) compared to the difference between this estimate and the score estimated taking DIF into account (Fig. 5) shows that the largest DIF impact at the individual level for mobility was about 0.40 of a standard deviation (Fig. 5) . StockingLord linking constants were used to transform linearly the Spanish item parameter estimates to the English metric (Spanish slopes = Spanish calibrated slope/1.725001; Spanish thresholds = (Spanish calibrated threshold * 1.725001) -1.693995). The product-moment correlation between trait-level estimates using the English versus the equated Spanish parameters for the Spanish sample was very high (Fig. 6) at r = 0.99 (intraclass correlation = 0.96).
We identified 84 English-and 37 Spanish-language cases with significant person misfit for the 23 mobility items. After excluding these cases, we found 12 mobility items with DIF including items 1-7 above plus five other items (F1_MOB1: I have been physically able to do the activities I enjoy most; F1_MOB6: I could go up one step; F2_MOB6: I could get up from a regular toilet; F3_MOB9: I could get up from the floor; and F4_MOB7: I used a wheelchair to get around).
Discussion
As the US Latino subgroup continues to grow, it is important to ensure that physical functioning survey measures perform equivalently in Spanish-language and English-language children and adolescents. We found that some items in the PROMIS pediatric physical functioning items had language (English versus Spanish) DIF. This means that people with the same level of underlying physical functioning respond differently to these items if they respond to the English-or Spanish-language version of the survey. Impact at the individual level for some respondents exceeded a small effect size (0.20 SD). This is potentially problematic because one of the original goals of the PROMIS initiative was to develop item banks that could be used across different subgroups. However, language DIF on estimated scores was inconsequential. Product-moment correlations between estimated upper extremity and mobility scores using the English versus equated Spanish item parameters for Spanish-language respondents were 0.98 and 0.99, respectively. One of the advances of PROMIS Ò is the use of computer adaptive testing (CAT) to measure health outcomes. In CAT, items are selectively administered depending on a respondent's position on the latent trait continuum. Thus, with CAT typically only a subset of the items in the bank is used to arrive at a trait-level estimate for an individual and the impact of DIF items in the bank will vary depending on the total number of items administered and whether the items with DIF are selected. Hence, without knowing the item set to be used for a respondent a priori, the impact of DIF among the items in a bank is impossible to predict. Language-specific item parameters can be used for items with DIF in estimating scores. However, the impact of DIF on CAT estimated scores would be inconsequential as estimates of upper extremity and mobility for those who completed the Spanish-language survey were similar whether English parameters or Spanish-specific parameters were used for items displaying DIF (Figs. 3, 6) .
DeWitt et al. [2] suggested 8-item short forms for upper extremity and mobility. Of the 8 upper extremity items they recommended (F2_UE2, F2_UE3, F2_UE4,  F3_UE7, F3_UE9, F3_UE11, F4_UE1, F4_UE10 ), 3 of them were among the 4 items with language DIF (bolded). Of the 8 mobility items in their suggested short form (F1_MOB1, F1_MOB3, F2_MOB4, F2_MOB7,  F3_MOB3, F3_MOB8, F3_MOB9, F4_MOB4) , 3 of them were among the 7 items with language DIF (bolded). The product-moment correlations between estimated scores using the English-language parameters for the 8 upper extremity items and 8 mobility items versus using equated Spanish parameters were 0.997 and 0.999, respectively. Including persons who answered items in a manner that does not correspond to the underlying IRT model (person misfit) tends to reduce the item discrimination parameter estimates because person misfit reflects inconsistency in responding to different items in a unidimensional scale. The effect of excluding respondents displaying substantial person misfit on DIF was to alter some of the items identified as having DIF between English-and Spanish-language responses to the physical functioning item banks, but the overall level of DIF was essentially unchanged.
Limitations
It is important to acknowledge limitations of the study. Although they were instructed to give the computer to their child to answer the survey, it is possible that some parents completed the questions rather than following the directions. In addition, the results of this study may not generalize to the US Spanish-language pediatric and adolescent population in general. Convenience internet panels such as those in the current study are known to differ in education and other characteristics from those in the general population [18] . These differences may affect responses to the PROMIS physical functioning items. In addition, the small amount of DIF detected by language might have been due to differences between the samples on characteristic other than language. Matching the Spanish-language and English-language samples on variables such as age and gender could have reduced or eliminated DIF altogether. Moreover, future studies should target individuals that are more representative of those whose primary language is Spanish in the US. Finally, future analyses are needed to examine the variability in patterns of person misfit to help elucidate the lack of impact on DIF in this study.
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